Introduction
============

Polycystic ovary syndrome (PCOS) is a common difficult and complicatedgynecologic disease, which often occurs in puberty and childbearing period, affecting 6--21% women ([@b1-etm-0-0-5932]). It is mainly characterized by anovulation or rare ovulation, clinical or biochemical androgen excess and polycystic ovary, and insulin resistance (IR) is an important pathophysiological change ([@b2-etm-0-0-5932]). Due to long-term metabolic disorders, the middle-aged and elderly people suffer from diabetes mellitus, cardiovascular diseases and even tumors, which will affect their whole lives if treated improperly. Studies have found that non-alcoholic fatty liver disease (NAFLD) is closely related to obesity, abnormal glucose tolerance, IR, dyslipidemia and other factors ([@b3-etm-0-0-5932]). Both PCOS and NAFLD are diseases with IR as the core pathogenesis, and previous studies have suggested there is a correlation between them ([@b4-etm-0-0-5932],[@b5-etm-0-0-5932]). Some scholars believe that NAFLD may be one of the complications of PCOS. The correlation between PCOS and NAFLD is a research hotspot at present. In this study, the risk factors for PCOS complicated with NAFLD were analyzed, so as to provide clinical references for the early diagnosis and treatment of PCOS patients complicated with NAFLD.

Patients and methods
====================

### Clinical data

According to the unified standard developed in Rotterdam International Conference in 2003 ([@b6-etm-0-0-5932]), 188 PCOS patients with complete clinical data, admitted into the Department of Obstetrics and Gynecology, Shengli Oilfield Central Hospital (Dongying, China) from February 2014 to February 2015, were collected as PCOS group. A total of 65 healthy outpatients receiving physical examination during the same period were collected as normal control group. Inclusion criteria of normal group: i) patients with regular menstruation and without biochemical and clinical androgen excess; ii) patients without history of endocrine diseases; iii) patients without polycystic manifestations in bilateral ovaries via B ultrasound. Exclusion criteria: i) patients complicated with other endocrine diseases (Cushing syndrome, thyroid dysfunction and premature ovarian failure); ii) patients with smoking history, alcohol abuse history, hypertension or coronary heart disease history; iii) patients with history of diseases in important organs, such as heart, liver or kidney; iv) patients who received drug therapy for PCOS in the past 3 months or took drugs affecting the glucose and lipid metabolism (such as glucocorticoids); v) patients with history of chronic liver disease (viral hepatitis, alcoholic hepatitis or other liver diseases). Diagnostic criteria revised in the Guideline (2010) were used for NAFLD. This study obtained ethics approval from the Ethics Committee of Shengli Oilfield Central Hospital, and patients were informed and signed the consent.

Research methods
----------------

### General clinical data

General clinical data of the patients, including the name, age, history of menstruation, history of marriage and childbearing, smoking history, drinking history, previous history (hypertension, diabetes mellitus, coronary heart disease, pituitary disease, fatty liver, viral hepatitis), family history and medication, were recorded.

### Anthropometric parameters

The weight of the participants in fasting state and single-layer garment was measured, the waist circumference and hip circumference were measured under stable breathing, and the height was measured. Each index was measured twice and the average was taken. Body mass index (BMI) = height (kg)/ weight (m^2^), and BMI ≥25 indicated obesity; waist-hip ratio (WHR) = waist circumference/hip circumference.

### Detection of serological indexes

Specimens were collected from all objects on the 3rd-5th days in menstruation. At 8 h after fasting, antecubital venous blood was drawn from the patients in quiet and fasting states in the morning, and detected as soon as possible. The levels of follicle-stimulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL), estradiol (E2) and testosterone (T) were detected via immunochemiluminescence method. Serum dehydroepiandrosterone sulfate (DHEAs), sex hormone binding globulin (SHBG) and alanine aminotransferase (ALT) were detected via double antibody sandwich enzyme-linked immunosorbent assay (ELISA). Serum triglyceride (TG), total cholesterol (TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL) and fasting blood glucose (FBG) were detected using the enzymatic method. Moreover, fasting insulin (FINS) was detected via radioimmunoassay, and homeostasis model assessment (HOMA) was used for the evaluation of insulin resistance (IR); HOMA-IR index = \[FBG (mmol/l) × FINS (mU/l)\]/22.5. Free androgen index (FAI) = T (nmol/l) × 100/SHBG (nmol/l). All operations were performed by experts in strict accordance with the instructions.

### Vaginal ultrasound examination

All the patients received vaginal ultrasound examination to detect the antral follicle count (AFC) and bilateral ovarian volume, and they all underwent abdominal liver B ultrasound examination to exclude measurement errors. Each index was measured twice.

### Statistical analysis

Data were recorded using SPSS 20.0 software (SPSS Inc., Chicago, IL, USA). Measurement data are presented as (mean ± SD) and t-test was used for comparison. Measurement data in abnormal distribution are presented as mean value \[95% confidence interval (CI)\], and rank sum test was used for comparison. Logistic regression analysis was used for the multivariate result analysis. P\<0.05 indicated that the difference was statistically significant.

Results
=======

### Comparison of clinical data of patients between control group and PCOS group

There were no statistically significant differences in comparisons of age, BMI, WHR, FSH, DHEA and FBG between the two groups (P\>0.05). The levels of LH, LH/FSH, T, FAI, FINS and HOMA-IR index in PCOS group were higher than those in normal control group (P\<0.05), but the SHBG level was lower than that in normal control group (P\<0.05), as shown in [Table I](#tI-etm-0-0-5932){ref-type="table"}.

### Comparison of prevalence rate of NAFLD between normal control group and PCOS group

There were 16 cases (24.62%) of NAFLD in normal group, and 84 cases (44.68%) of NAFLD in PCOS group. The prevalence rate of NAFLD in PCOS group was significantly higher than that in normal control group (P\<0.05) ([Fig. 1](#f1-etm-0-0-5932){ref-type="fig"}).

### Comparison of prevalence rate of NAFLD in patients with different BMI in PCOS group

Among 188 PCOS patients, there were 74 cases with BMI ≥25 (obesity group) and 114 cases with BMI \<25 (non-obesity group). The prevalence rate of NAFLD in PCOS patients in obesity group (47/74, 63.51%) was higher than that in PCOS patients in non-obesity group (18/114, 15.79%) (χ^2^=30.12) ([Fig. 2](#f2-etm-0-0-5932){ref-type="fig"}).

### Comparisons of clinical data between NAFLD group and N-NAFLD group in PCOS group

NAFLD group had higher age, BMI and WHR than N-NAFLD group (P\<0.05); the FAI level in NAFLD group was higher than that in N-NAFLD group, but the SHBG level in NAFLD group was lower than that in N-NAFLD group (P\<0.05); there were no statistically significant differences in comparisons of T, LH, FSH and LH/FSH between the two groups (P\>0.05); the levels of FBG, FINS and HOMA-IR index in NAFLD group were higher than those in N-NAFLD group (P\<0.05); the levels of TC and TG in NAFLD group were higher than those in N-NAFLD group (P\<0.05), but the level of HDL was lower than that in N-NAFLD group (P\<0.05); the level of ALT in NAFLD group was higher than that in N-NAFLD group (P\<0.05) ([Table II](#tII-etm-0-0-5932){ref-type="table"}).

### Comparisons of clinical data between PCOS group complicated with NAFLD and control group complicated with NAFLD

There were no statistically significant differences in comparisons of age, BMI and WHR between PCOS group complicated with NAFLD and control group complicated with NAFLD (P\>0.05); LH and LH/FSH in PCOS group complicated with NAFLD were higher than those in control group complicated with NAFLD (P\<0.05), but there was no statistically significant difference in the FSH level between the two groups (P\>0.05); compared with those in control group complicated with NAFLD, FINS and HOMA-IR index in PCOS group complicated with NAFLD were higher (P\<0.05), but there was no statistically significant difference in the FBG level between the two groups (P\>0.05) ([Table III](#tIII-etm-0-0-5932){ref-type="table"}).

### Logistic regression analyses of influencing factors of PCOS complicated with NAFLD

HOMA-IR index \[odds ratio (OR)=28.903\], BMI (OR=21.542), WHR (OR=1.712) and TG (OR=1.685) were risk factors for PCOS complicated with NAFLD. HOMA-IR had the highest correlation with PCOS complicated with NAFLD, followed by BMI, WHR and TG. The higher the HOMA-IR index, BMI, WHR and TG levels were, the higher the risk of PCOS in NAFLD patients would be ([Table IV](#tIV-etm-0-0-5932){ref-type="table"}).

Discussion
==========

Our results showed that the prevalence rate of PCOS complicated with NAFLD was 44.68%, which is consistent with previous reports ([@b7-etm-0-0-5932]); it was significantly higher than the prevalence rate of NAFLD in normal people (24.62%, P\<0.05). It has been shown that obesity is the most important risk factor for NAFLD ([@b8-etm-0-0-5932]). Obesity is also the most common clinical manifestation of PCOS patients, and approximately 2/3-4/5 PCOS patients suffer from obesity ([@b9-etm-0-0-5932]). It was also found in this study that NAFLD patients in PCOS group had higher BMI than N-NAFLD patients, which is consistent with the results of the study by Kauffman *et al* ([@b10-etm-0-0-5932]). BMI ≥25 indicates obesity; the prevalence rate of NAFLD in obesity patients with PCOS (63.51%) was significantly higher than that in non-obesity patients (15.79%) (P\<0.05), suggesting that obesity is closely related to PCOS complicated with NAFLD. In the present study the incidence rate of transaminase disorder in PCOS patients complicated with NAFLD was higher. Besides, studies have shown that liver cells with fatty degeneration more or less leads to impaired liver function ([@b11-etm-0-0-5932]), but another study showed that more than 70% people with normal liver enzyme have been in various stages of NAFLD, among which 1/3 people showed fibrosis, and 1/10 people show liver cirrhosis ([@b12-etm-0-0-5932]). B ultrasound is simple, economical and non-invasive with good reproducibility, good sensitivity and high specificity, so it is more widely accepted than pathological examination of liver tissues ([@b13-etm-0-0-5932],[@b14-etm-0-0-5932]), and has become an important method for the diagnosis and monitoring of NAFLD. PCOS patients with normal liver function need to be paid close attention to. Serum ALT is a sensitive index of liver injury and liver fibrosis, and an important basis of NAFLD clinical typing ([@b15-etm-0-0-5932]). Clinically, PCOS patients should receive liver ultrasound examination regularly, so as to realize the early detection and dynamic monitoring of fatty liver. In particular, the examination of obesity patients needs to be strengthened; liver function examination is of significance in the active treatment of NAFLD.

At present, it is generally accepted that the mechanism of NAFLD is the 'second-strike' hypothesis ([@b16-etm-0-0-5932]). The IR-induced lipid accumulation in hepatocytes is the 'first strike' against the liver, and the oxidative stress-induced inflammation and apoptosis is the 'second strike', resulting in gene regulation imbalance of intrahepatic lipid synthesis and fatty acid oxidation. IR is defined as a biological effect of lower insulin than normal level after a certain amount of insulin specifically binds to receptors. NAFLD and IR interact as both cause and effect; on the one hand, NAFLD significantly aggravates the liver IR, increasing risk of type 2 diabetes mellitus ([@b17-etm-0-0-5932]); on the other hand, a study showed ([@b18-etm-0-0-5932]) that NAFLD is a result of IR-induced degeneration and necrosis of hepatocytes. It is reported that non-alcoholic steatohepatitis is found in liver biopsy of PCOS patients complicated with IR, and the pathological features of liver tissues are also improved after patients undergo life intervention therapy ([@b19-etm-0-0-5932]). Increased FINS and HOMA-IR are important indexes of IR. In the present study, the related pathogenic factors to NAFLD in PCOS patients were analyzed. Results showed that compared with those in N-NAFLD patients, BMI, HOMA-IR index, TG, TC, LDL and FAI levels were higher in NAFLD patients in PCOS group, but HDL and SHBG levels were lower (P\<0.05), which is consistent with the conclusion in literature that obesity ([@b20-etm-0-0-5932]), IR, high TC and low HDL ([@b21-etm-0-0-5932]) are predisposing factors of NAFLD. IR and androgen excess are two major pathological features of PCOS. This study found that there was a positive correlation between FBG level and androgen level in PCOS patients, and NAFLD patients had more obvious disorders of glucose metabolism indexes (high FBG, FINS and HOMA-IR index) than N-NAFLD patients in PCOS group, and FAI was increased, but SHBG was decreased (P\<0.05); the above findings are similar to the results of Vassilatou *et al* ([@b22-etm-0-0-5932]).

In conclusion, analyses of risk factors for PCOS complicated with NAFLD show that HOMA-IR index, BMI, WHR and TG are independent risk factors for PCOS complicated with NAFLD, suggesting that blocking the high risk factors through weight control, avoidance of excessive intake of high-fat diet, improvement of IR, increase of insulin sensitivity, is an important link to prevent the occurrence of NAFLD.
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###### 

Comparisons of clinical data of patients between control group and PCOS group.

  Index                                                         Control group (n=65)   PCOS group (n=188)     P-value
  ------------------------------------------------------------- ---------------------- ---------------------- ---------
  Age (years)                                                   26.96±4.78             27.14±5.23             0.056
  BMI (kg/m^2^)                                                 24.23±2.97             25.18±3.21             0.124
  WHR                                                           0.87±0.75              0.89±0.82              0.573
  LH (IU/l)                                                     4.52±2.25              8.10±2.76              \>0.05
  FSH (IU/l)                                                    6.73±2.85              6.16±3.12              0.212
  LH/FSH                                                        0.67±0.22              1.31±0.28              \>0.05
  T (nmol/l)                                                    1.69±0.58              2.19±0.88              \>0.05
  DHEA (µg/dl)                                                  215.86±84.37           225.37±101.69          0.975
  SHBG (nmol/l)^[a](#tfn1-etm-0-0-5932){ref-type="table-fn"}^   45.12 (37.54--50.87)   34.45 (28.68--40.13)   0.001
  FAI^[a](#tfn1-etm-0-0-5932){ref-type="table-fn"}^             4.67 (3.85--5.59)      10.82 (8.89--12.51)    \>0.05
  FBG (mmol/l)                                                  4.83±0.41              4.85±0.46              0.659
  FINS (mIU/l)^[a](#tfn1-etm-0-0-5932){ref-type="table-fn"}^    9.92 (8.50--11.42)     15.12 (12.56--17.39)   0.024
  HOMA-IR                                                       1.56±0.28              3.53±0.64              \>0.05

Non-normal data.

###### 

Comparisons of clinical data between NAFLD group and N-NAFLD group in PCOS group.

  Index                                                         N-NAFLD group (n=104)   NAFLD group (n=84)     P-value
  ------------------------------------------------------------- ----------------------- ---------------------- ---------
  Age (years)                                                   25.16±5.07              27.32±6.15             0.007
  BMI (kg/m^2^)                                                 23.25±3.18              28.61±4.27             \>0.05
  WHR                                                           0.83±0.09               0.94±0.08              \>0.05
  LH (IU/l)                                                     8.41±5.36               10.56±9.05             0.061
  FSH (IU/l)                                                    7.36±2.79               7.13±3.09              0.523
  LH/FSH                                                        1.23±0.82               1.51±1.14              0.109
  T (nmol/l)                                                    2.19±0.78               2.17±0.89              0.513
  TG (mmol/l)                                                   0.93±0.14               1.66±0.22              \>0.05
  TC (mmol/l)                                                   4.38±1.04               4.78±0.91              0.029
  HDL (mmol/l)                                                  1.54±0.39               1.14±0.21              \>0.05
  DHEAs (µg/dl)                                                 228.56±111.84           219.75±98.46           0.478
  SHBG (nmol/l)^[a](#tfn2-etm-0-0-5932){ref-type="table-fn"}^   49.21 (40.47--57.69)    24.16 (18.98--29.34)   \>0.05
  FAI                                                           6.71 (5.35--7.98)       13.97 (11.61--16.37)   \>0.05
  FBG (mmol/l)                                                  4.74±0.43               5.02±0.46              0.002
  FINS (mIU/l)^[a](#tfn2-etm-0-0-5932){ref-type="table-fn"}^    8.79 (7.45--10.14)      19.71 (16.56--22.82)   \>0.05
  HOMA-IR                                                       1.90±0.32               4.83±0.84              \>0.05
  ALT (U/l)^[a](#tfn2-etm-0-0-5932){ref-type="table-fn"}^       13.37 (11.26--15.48)    42.12 (35.04--49.20)   \>0.05

Non-normal data.

###### 

Comparisons of clinical data between PCOS group complicated with NAFLD and control group complicated with NAFLD.

  Index                                                         Control group complicated with NAFLD (n=16)   PCOS group complicated with NAFLD (n=84)   P-value
  ------------------------------------------------------------- --------------------------------------------- ------------------------------------------ ---------
  Age (years)                                                   27.46±4.49                                    27.32±6.15                                 0.057
  BMI (kg/m^2^)                                                 28.92±3.68                                    28.61±4.27                                 0.192
  WHR                                                           0.91±0.07                                     0.94±0.08                                  0.936
  LH (IU/l)                                                     8.41±5.36                                     10.56±9.05                                 0.061
  FSH (IU/l)                                                    7.36±2.79                                     7.13±3.09                                  0.523
  LH/FSH                                                        1.23±0.82                                     1.51±1.14                                  0.109
  T (nmol/l)                                                    1.66±0.93                                     2.17±0.89                                  \>0.05
  DHEAs (µg/dl)                                                 217.43±115.31                                 219.75±98.46                               0.962
  SHBG (nmol/l)^[a](#tfn3-etm-0-0-5932){ref-type="table-fn"}^   39.89 (22.65--43.13)                          24.16 (18.98--29.34)                       0.002
  FAI^[a](#tfn3-etm-0-0-5932){ref-type="table-fn"}^             6.35 (4.31--8.39)                             13.97 (11.61--16.37)                       \>0.05
  FBG (mmol/l)                                                  4.84±0.43                                     5.02±0.46                                  0.831
  FINS (mIU/l)^[a](#tfn3-etm-0-0-5932){ref-type="table-fn"}^    13.21 (11.05--15.38)                          19.71 (16.56--22.82)                       0.027
  HOMA-IR                                                       2.30±0.62                                     4.83±0.84                                  \>0.05

Non-normal data.

###### 

Logistic regression analyses of influencing factors of PCOS complicated with NAFLD.

  Factors   b-value   Wald χ^2^ value   P-value   OR (95% CI)
  --------- --------- ----------------- --------- ------------------------
  HOMA-IR   3.109     32.324            0.001     28.903 (7.835--65.641)
  BMI       2.184     16.672            0.002     21.542 (4.352--47.436)
  TG        0.523     4.839             0.026     1.685 (1.055--2.693)
  WHR       0.531     1.643             0.045     1.712 (0.006--2.894)

[^1]: Contributed equally
